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Short-term and medium-term health eff ects of 9/11
Sharon E Perlman, Stephen Friedman, Sandro Galea, Hemanth P Nair, Monika Erős-Sarnyai, Steven D Stellman, Jeff rey Hon, Carolyn M Greene
The New York City terrorist attacks on Sept 11, 2001 (9/11), killed nearly 2800 people and thousands more had 
subsequent health problems. In this Review of health eff ects in the short and medium terms, strong evidence is 
provided for associations between experiencing or witnessing events related to 9/11 and post-traumatic stress disorder 
and respiratory illness, with a correlation between prolonged, intense exposure and increased overall illness and 
disability. Rescue and recovery workers, especially those who arrived early at the World Trade Center site or worked 
for longer periods, were more likely to develop respiratory illness than were other exposed groups. Risk factors for 
post-traumatic stress disorder included proximity to the site on 9/11, living or working in lower Manhattan, rescue or 
recovery work at the World Trade Center site, event-related loss of spouse, and low social support. Investigators note 
associations between 9/11 exposures and additional disorders, such as depression and substance use; however, for 
some health problems association with exposures related to 9/11 is unclear.
Introduction
The Sept 11, 2001 (9/11), terrorist attacks exposed many 
people to a wide range of horrifi c events: they saw planes 
crashing into buildings, people falling from buildings, 
and the collapse of the World Trade Center (WTC) towers; 
they were trapped in the dust cloud; and they witnessed 
injury and death.1 Many lost relatives, friends, and 
colleagues. Rescue and recovery workers found body 
remains and personal eff ects of the deceased. Many 
people experienced stress, fear, and uncertainty. In the 
weeks after 9/11, public areas in New York City were 
covered with pictures of missing people, many of whom 
had died in the attacks. Furthermore, thousands of people 
were temporarily or permanently unable to return to 
their homes, workplaces, or schools.
Additionally, the collapse of the WTC towers exposed 
many to substances that have been shown to adversely 
aff ect health. Routine environmental monitoring 
equipment in lower Manhattan was damaged and 
destroyed in the aftermath of the attacks, which made it 
diffi  cult to quantify exposure to the massive dust cloud 
generated by the collapsing towers and potentially to 
toxic substances that permeated the clean-up site, 
residences, and workplaces in the area. Sampling for 
asbestos, organochlorine compounds, volatile organic 
compounds, and polycyclic aromatic hydrocarbons began 
between Sept 14 and Sept 21, 2001.2–5 The dust and debris 
contained powdered concrete, gypsum, glass fi bres, 
chrysotile asbestos, polycyclic aromatic hydrocarbons, 
steel, and several metals such as lead, aluminum, 
antimony, chromium, molybdenum, and barium.6,7 The 
dust was highly alkaline (pH up to 11) and had high 
concentrations of particulate matter capable of causing 
respiratory irrita tion and damage.6 The destroyed 
buildings also contained electrical cable coated in 
polyvinyl chloride, some of which was incinerated during 
and after the collapse of the towers, which caused the 
release of dioxins and other chlorinated organic 
compounds into the atmosphere.6 
Studies of the health eff ects of 9/11 have generally 
focused on three distinct populations: directly exposed 
groups (rescue and recovery workers, volunteers, lower 
Manhattan residents, people who worked in the lower 
Manhattan area, school staff  and students, and passers-by 
on 9/11; table); those indirectly exposed in New York City 
(eg, who were not near the WTC site on 9/11 or during 
the weeks afterwards, and who did not lose a loved one or 
a job as a result of the attacks); or those indirectly exposed 
throughout the USA and internationally.
This Review investigates the health eff ects of the 9/11 
terrorist attacks in the short and medium terms to 
establish what has been learned, and to identify areas in 
which further research is needed.
Mental health
More than 150 studies have documented the mental 
health eff ects of 9/11. These reports can be divided into 
two groups: those that documented stress reactions and 
psychopathology nationwide, and those that focused on 
psychopathology in the New York City metropolitan area. 
Most WTC investigators used screening instru ments to 
assess post-traumatic stress disorder (PTSD) such as the 
PTSD checklist.37 High scores on the checklist are often 
referred to as probable PTSD because these instru-
ments are not diagnostic for the disorder. Other studies 
assessed post-traumatic stress symptoms, indicating that 
Search strategy and selection criteria
We searched PubMed for reports in English between 
Sept 11, 2001, and February, 2011, with the search terms 
“September 11 Terrorist Attacks”, “World Trade Center”, 
“WTC”, and “September 11, 2001”. To ensure 
comprehensiveness, we compared the results of our search 
to relevant reviews. In view of the amount of work on this 
topic, we could not comprehensively include all 
peer-reviewed reports. Therefore, in this Review we 
summarise the information from the largest and most 
representative studies, in addition to studies that cover a 
topic not adequately addressed in previous papers. We 
assessed which papers merited inclusion on the basis of 
study methods used. The webappendix contains more 
information about each study discussed.
See Online for webappendix
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respondents endorsed symptoms of stress but did not 
meet PTSD criteria.
Stress reactions in the USA
Measurements taken 3–5 days after 9/11 suggested that 
44% of the adult US population experienced substantial 
stress.38 Findings from subsequent national studies also 
showed that individuals across the country experienced 
fear and insecurity, and had increased rates of post-
traumatic stress symptoms 2 months later.39,40 Research 
into the potential causes of these symptoms among 
people with no direct exposure to the 9/11 attacks, or to 
other disasters, could be benefi cial in view of the broad 
reach of mass media compared with direct exposure 
after a disaster.41 Risk factors associated with post-
traumatic stress symptoms up to 4 years after 9/11 
included pre-event psychopathology,42 female sex,40,43 
recent immigration to the USA,43 and increased hours 
of viewing event-related media coverage.40,43 Overall, 
individuals who lived outside the New York City 
metropolitan area were signifi cantly less likely to have 
probable PTSD than were those inside the area 
2 months after 9/11 (4% vs 11%, p=0·007).40 A 2004–05 
survey44 of nearly 35 000 US adults showed that those 
who had indirect experience of 9/11—eg, witnessed the 
attack on television—had the lowest risk of PTSD (1%) 
of 32 traumatic events listed.  
PTSD and depression in New York City
Studies done in the New York City metropolitan area 
focused on psychopathology, particularly PTSD and 
depression. Several studies based on a series of cross-
sectional surveys45,46 and subsequent longitudinal work47 
led by New York Academy of Medicine researchers 
showed that 1–2 months after 9/11, the prevalence of 
PTSD in 988 residents of Manhattan south of 110th Street 
was 7·5%, and that for depression was 9·7%. Peri-event 
panic attacks, loss of possessions, and job loss were risk 
factors for the development of PTSD, and low social 
support was a risk factor for depression.45 Prevalence of 
both PTSD and depression had decreased by 6 months 
after the terrorist attacks.46
Other investigations have focused on rescue and 
recovery workers, lower Manhattan residents, students, 
workers, and passers-by on the day of the attack. The 
prevalence of PTSD and depression documented was, as 
expected, higher in all these directly exposed groups than 
in the general population, and studies describe chronic 
and delayed-onset PTSD.8,27 Investigators who used data 
from the WTC Health Registry48  showed that the 
prevalence of PTSD 2–3 years after 9/11 was 12·4% in 
rescue and recovery workers and volunteers, with a range 
from 6·2% for police to 21·2% for unaffi  liated volunteers.28 
In other studies, PTSD after 9/11 in fi refi ghters and other 
rescue and recovery workers has also been associated with 
functional impairment and disability.8,16 Comorbidity is 
common: in recovery workers with probable PTSD, 
12·7%  also met criteria for panic disorder or depression.16 
An earlier start date, longer duration of time worked at the 
WTC site, and performance of tasks not part of a person’s 
occupation were signifi cant risk factors for probable 
PTSD.28 Of 3271 workers who evacuated the WTC towers, 
15% had probable PTSD 2–3 years after 9/11. An increased 
risk of the disorder was associated with presence on a 
higher fl oor in the WTC towers, late evacuation, exposure 
to the dust cloud, witnessing horrors, injury, and 
employment by a fi rm that sustained fatalities.29 
In people enrolled in the WTC Health Registry who did 
not report a PTSD diagnosis before 9/11, the prevalence 
of the disorder was higher 5–6 years after the attacks 
(19%) than after 2–3 years (14%).27 Late-onset PTSD 
(a report of symptoms consistent with PTSD in the 
2006–07 survey, but not in the 2003–04 survey) had 
developed in 10%.27 The prevalence of chronic PTSD (ie, a 
positive screen at both timepoints) was highest in rescue 
and recovery workers, whereas people who worked in 
lower Manhattan were most likely to have PTSD that had 
resolved by the time of the second survey (fi gure 1). Event-
related loss of spouse or job, and low social support were 
factors associated with probable PTSD at the time of the 
Groups studied Size (on Dec 31, 2010)* Other distinguishing characteristics
Fire Department of 
New York8–15
Nearly all fi refi ghters and emergency 
medical service workers who responded 
to WTC disaster
15 415 screened so far; 
5686 treated in past 
12 months
Established in 2001; employer-based medical programme with physical examinations 
done about every 18 months; has medical records before 9/11; provides screening, 
monitoring, and treatment
New York and New Jersey 
WTC Clinical Consortium16–24
Law enforcement and other responders, 
sanitation and construction workers, and 
volunteers
29 572 screened so far; 
8411 treated in past 
12 months
Established in 2002; provides screening, monitoring, and treatment through 
environmental and occupational health clinics to an ethnically and socioeconomically 
diverse population; up to 19% of patients do not have insurance yearly†   
WTC Environmental 
Health Center25,26
Lower Manhattan area clean-up workers, 
offi  ce workers, residents, students, school 
staff , and passers-by
5130 examined so far; 
2520 treated in past 
12 months
Began in 2005 as privately funded programme at an asthma clinic in a New York City 
public hospital; monitors and treats but does not screen (patients are only accepted if 
symptomatic); includes children; up to 50% of patients do not have insurance yearly†
WTC Health Registry1,27–34 Rescue and recovery workers, lower 
Manhattan residents, area workers, 
students, and passers-by
71 437 responded to fi rst 
survey; 68% adults 
responded to second survey
Closed cohort recruited in 2003–04; 30% recruited through lists provided by entities 
such as employers and government agencies, and the remaining 70% self-enrolled; 
surveys done 2–3 years and 5–6 years after 9/11; includes children
WTC=World Trade Center. 9/11=Sept 11, 2001. *Number of people screened and treated are from the National Institute for Occupational Safety and Health.35 †Data from WTC Medical Working Group of New York City.36 
Table: WTC populations being studied with funding from the National Institute for Occupational Safety and Health
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second survey.27 Researchers have reported an association 
between trauma before or after the 9/11 attacks and more 
severe and persistent PTSD after 9/11 in lower Manhattan 
residents and workers at the WTC site.17,27,49 
These WTC studies described have some limitations. 
First, diff erences in the measurement of symptoms and in 
recruitment methods might have aff ected prevalence 
estimates and restrict comparisons. Two-thirds of the WTC 
Health Registry participants heard about the Registry 
through the media and advertising and self-enrolled,  and 
a third were identifi ed and recruited through lists of people 
thought to be present in the area.30 Registry prevalences of 
mental health conditions might therefore be overestimates, 
driven by self-selection and inclusion into the study by 
individuals who are more sick or more likely to report 
symptoms. Medical monitoring pro grammes could be 
subject to similar self-selection. Second, most studies used 
screening measures that are proxies for diagnosed disease 
and have imperfect sensitivity and specifi city.50 Third, most 
of the included investigations have limited information 
about pre-event psychopath ology, so whether PTSD or 
depression documented after the attacks was new, or a 
reactivation of previous illness, is unclear. A large 
proportion of documented mental health problems after 
mass traumatic events is known to occur in people who 
already had the disorders.51 
Substance use
A small amount of work into substance use shows an 
increased use of alcohol,16,52–55 tobacco, and marijuana in 
New York City after 9/11.52 High-level or direct exposure 
to the attacks has been shown to be an associated factor 
for increased alcohol use in both adults and adolescents, 
but rates of smoking rose independently of exposure 
level.53,54 In adults, PTSD was associated with increased 
cigarette smoking after 9/11, and depression with 
increases in both smoking and alcohol use.55 Similarly, 
rescue and recovery workers with comorbid probable 
PTSD, depression, and panic disorder were more likely 
to report higher alcohol use and emotional disability than 
were others.16 Substance use in adolescents was linked to 
knowing someone who died in the attacks and self-report 
of a parent with decreased functioning.56 
Suicide 
Although some studies have shown no signifi cant change 
in the risk of suicide at the population level in the month 
after 9/11 compared with previous years,57,58 others note a 
signifi cant decrease in suicide both in the New York City 
area59 and internationally.60 Greater communal support 
and unity in the aftermath of the 9/11 attacks might have 
decreased the risk of suicide.59,60
Mental health of children in New York City
The mental health eff ects of 9/11 have not been as well 
studied in children as in adults. In a sample of 
8236 New York City students aged 9–21 years taken 
6 months after 9/11, 29% of children had at least one of 
six anxiety or depressive disorders assessed.61 The most 
prevalent were probable agoraphobia (15%), separation 
anxiety (12%), and PTSD (11%).61 Higher rates were 
associated with greater exposure (a composite variable 
including proximity to the attack, injury, dust cloud 
exposure, and death or injury of family member), 
female sex, a younger age (9–10 years), and a history of 
previous trauma.61 The severity of children’s reactions 
has been positively correlated with parental distress 
(parental post-traumatic stress and crying in front of 
the child) and with the number of graphic images seen 
on television.62 In New York City, children who had 
probable peri-event panic attacks were more likely to 
have probable PTSD 6–9 months later than were those 
who had not had peri-event panic attacks related to 
9/11.63 A study of 116 children aged 5 years and younger 
in lower Manhattan64 showed that children with a 
history of other trauma were at a greater risk of anxiety 
and depression symptoms, and sleep problems 
2–4 years after the attacks.
Physical health
Respiratory health of adults
Respiratory illnesses in people exposed to the WTC attack 
began on a large scale immediately after 9/11. Despite 
improvement in most individuals since 9/11, thousands 
continue to have long-term symptomatic and functional 
problems. Individuals with more intense, prolonged 
WTC exposures generally experienced more severe and 
persistent respiratory illness. Clinician-reported or self-
reported diagnoses of upper-respiratory symptoms (such 
as nasal or sinus congestion, sore throat, and laryngitis) 
and, at lower prevalence, lower-respiratory symptoms 
Figure 1: Course of PTSD symptoms in exposed groups
Data are from Brackbill and colleagues.27 Analysis is restricted to individuals enrolled in the World Trade Center Health 
Registry who did not have a diagnosis of PTSD before 9/11. PTSD=post-traumatic stress disorder. No PTSD=negative 
screen for PTSD symptoms at both the baseline (2003–04) and follow-up (2006–07) surveys. Chronic=positive screen 
for probable PTSD (as assessed by a PTSD checklist score ≥44) at both timepoints. Late-onset=positive screen at 
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(wheezing, tightness of the chest, dyspnoea, asthma and 
reactive airways dysfunction syndrome) were documented 
in all exposure groups.9,10,18,27,31 However, the overall 
incidence of respiratory illness is diffi  cult to assess 
because most study populations contain self-selected 
subsets of exposed individuals. Firefi ghters provide a 
more complete cohort, because there is a documented 
roster of employees that undergo routine mandatory 
medical examinations approximately every 18 months. 
The longitudinal follow-up of this cohort allows the 
detection of immediate and longer-term patterns of 
changes in lung function within individuals. 
For many aff ected fi refi ghters, signs of WTC cough 
appeared immediately after 9/11, with a shift to lower-
respiratory problems over the next year.11 In the fi rst year 
after 9/11, 54% of 10 378 fi refi ghters had a daily cough 
(vs 4% in the year before 9/11), and persisted in 17% in the 
second year.10 The rates of upper-respiratory symptoms 
far exceeded those from before 9/11: sore throats 
(62% vs 3%), and rhinosinusitis (45% vs 4%) were 
frequent. Sore-throat symptoms generally subsided for 
most, but reported rhinosinusitis remained at more than 
40% by the fourth year. Lower-respiratory symptoms of 
dyspnoea (40% vs 3%) and wheeze (34% vs 1%) were 
increased in the year after 9/11 compared with before the 
attack. Dyspnoea and wheezing were reported more often 
in the second year and rates remained high through to 
the fourth year of follow-up.10 In fi refi ghters, arrival time, 
months of working at the WTC site, presence of 
respiratory symptoms in the fi rst year, current smoking, 
and older age on 9/11 were signifi cant predictors of lower-
respiratory symptoms 4 years after 9/11.10
Pulmonary function data provide objective physiological 
evidence of abnormality and complement symptom 
reporting. Spirometry done a median of 3 months after 
9/11 in 12 079 New York City Fire Department responders 
showed an average decrease of 372 mL in forced expiratory 
volume in 1 s (FEV1) from their last pre-9/11 measurement, 
which is equal to the loss expected in 12 years of normal 
ageing. The proportion of those with FEV1 less than normal 
increased from 6·8% before 9/11 to 15·3% afterwards.9 A 
higher rate of decline was correlated with the degree of 
exposure, as estimated by date of arrival at the WTC site.
After the substantial drop in the fi rst year post-9/11, 
spirometry in fi refi ghters and emergency medical 
service workers showed a stabilisation of function, with 
most having normal, albeit diminished FEV1 values 
compared with pre-disaster levels (fi gure 2).12 During 
the subsequent 6 years of follow-up, FEV1 adjusted for 
race, sex, height, and age on 9/11 in fi refi ghters who had 
never smoked decreased by 26 mL per year, and the 
average percentage of predicted FEV1 did not change.12 
Smokers had a similar pattern but at a steeper rate of 
decline than did non-smokers (fi gure 2). Although an 
earlier arrival on 9/11 predicted a decrease in adjusted 
FEV1 in the fi rst year, it did not predict adjusted FEV1 at 
the conclusion of follow-up. This fi nding suggests that 
exposure predicted initial illness, but that individual 
host factors such as genomics or non-WTC exposures 
aff ected the long-term course.12,13
Similar symptom and lung-function fi ndings have been 
reported in other responder groups (such as construction 
workers, sanitation workers, and volunteers). Of 
9442 responders examined between 2002 and 2004 in the 
New York and New Jersey WTC Clinical Consortium 
treatment programme, 55% of those who were asympto-
matic before the disaster and had worked during the year 
after the disaster reported upper-respiratory symptoms 
and 44% reported lower-respiratory symp toms.18 Of people 
with new or worsening symptoms, prevalence of 
respiratory disorders increased with exposure to the dust 
cloud and arrival on 9/11 versus arrival later in September 
onwards.18 Of 25 748 workers enrolled in the WTC Registry, 
rates of self-reported newly diagnosed asthma were 
highest in those who had arrived earliest and those 
exposed to the dust cloud; longer duration of work and no 
consistent use of mask or respirator were also predictive 
of asthma, independent of arrival time.31 Individuals who 
Figure 2: Lung function in fi refi ghters and emergency medical services workers according to smoking status
(A) Adjusted FEV1 over time. (B) FEV1 measurement compared with predicted values over time. FEV1=forced expiratory 
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worked more than 90 days at the WTC site were 74% 
more likely to report newly diagnosed asthma, 
independent of arrival time, than were those who worked 
1 week or less.31 Similarly, fi ndings from a study of clean-
up and recovery workers showed that longer duration of 
work at the WTC site was predictive of lower-respiratory 
symptoms.65 Although generally less exposed than many 
responders because they arrived later at the WTC site, 
New York State emergency responders with higher 
exposure to the aftermath of the disaster were more likely 
to self-report lower-respiratory symptoms, but not newly 
diagnosed asthma during the 2 years after 9/11, than were 
non-exposed employees.66 Lower-respiratory symptoms 
persisted in some of these workers 5 years after 9/11.67
Even in the absence of data from before 9/11, 
spirometry has provided useful information for other 
responder populations. Abnormal spirometry was 
recorded in 29% of 240 police offi  cers after 9/11,68 and in 
28% of 9442 other emergency and recovery personnel.18 
Follow-up of 3160 of these responders from the New 
York and New Jersey WTC Clinical Consortium, between 
2004 and 2007, showed a modest mean decrease in FEV1 
of only 13 mL per year. At the follow-up study, 24% had 
abnormal spirometry. Consistency of longi tudinal follow-
up results in responders in the fi re department and the 
consortium lends support to the conclusion that spiro-
metry results stabilised after the initial decline.
 Excess rates of upper-respiratory and lower-respiratory 
symptoms have also been documented in other 
populations. Predictors for respiratory symptoms in 
residents, area workers, and passers-by were exposure to 
the dust cloud, residential dust and damage, and not 
having evacuated homes.1,13,27 In 20 996 adult WTC Health 
Registry enrollees in these groups surveyed 5–6 years after 
9/11, asthma diagnosed after 9/11 was self-reported by 
9% of passers-by, 8% of area workers, and 8% of lower 
Manhattan residents.27 As with responders, respiratory 
symptoms in other groups have been reported to persist 
for several years. For 1898 residents, local workers, and 
clean-up workers seen at the WTC Environmental Health 
Center from 2005 to 2008, dyspnoea on exertion (67%) 
and cough (46%) were the most reported symptoms, 
followed by nasal or sinus congestion (39%), wheeze 
(27%), and chest tightness (28%).26 Additionally, as with 
responders, decreased forced vital capacity and airway 
hyper-reactivity on methacholine challenge accompanied 
persistent lower-respiratory symptoms in this group, 
whose members were similar in age to rescue and recovery 
populations but had a higher proportion of women.11
Despite the in-depth examination and follow-up of 
thousands of adults with new and worsening respiratory 
illness after 9/11, the pathophysiology of these disorders 
is incompletely understood. Primary spirometry fi ndings 
along with isolated reports of acute eosinophilic 
pneumonia,14 granulomatous pneumonitis,69 and 
bronchio litis obliterans,70 initially implicated interstitial 
processes as a disease explanation. However, air trapping 
and bronchial-wall thickening identifi ed on CT, increased 
residual volume, airway hyper-reactivity, and improvement 
with bronchodilators in responders, residents, area 
workers, and clean-up workers13,26,71 suggested that airway 
obstruction in WTC respiratory disease pathogenesis is a 
possible explanation. A third factor, distal airway 
involvement, was implicated by increased airway 
resistance measurements in a group of WTC-exposed 
residents and workers with lower-respiratory symptoms 
and normal spirometry.72 Limitations of some 9/11-related 
mental health studies—such as self-selection bias, self-
report of symptoms and diagnoses, and inability to rule 
out pre-existing conditions or continuing exposures 
unrelated to 9/11—also apply to many studies reporting 
respiratory outcomes.
Respiratory health of children
Few studies have addressed the disaster’s eff ects on 
children’s respiratory health.32,73 Prevalence of age-specifi c 
diagnosed asthma before 9/11 in children enrolled in the 
WTC Health Registry was similar to that in the 
2003 Centers for Disease Control and Prevention’s 
National Health Interview Survey,74 but the rates reported 
in the registry’s 2003–04 survey32 were signifi cantly higher: 
18% of 2570 children versus 14% of about 1·8 million 
children in northeast USA. Asthma diagnosed after 9/11 
was reported in 6% of 3184 children enrolled in the WTC 
Health Registry (11% of children aged 0–4 years on 9/11), 
and was signifi cantly associated with Asian and Hispanic 
race or ethnicity and intense dust cloud exposure.32 
Injuries 
Hospital use was low after 9/11, indicating relatively few 
severe, acute injuries despite the scale of the disaster. An 
analysis of emergency room data from fi ve New York City 
hospitals showed that 790 survivors with injuries sought 
care within 48 h of the attack, including 279 rescue 
workers, and 18% were admitted.75 Inhalation and ocular 
injuries were most common. In a survey 2–3 years after 
9/11, 3672 adult survivors of collapsed and damaged 
buildings (excluding rescue workers) reported that they 
had been injured, with ocular injury most common 
(32%).33 Event-related injury has also been reported to be 
a risk factor for probable PTSD.27,29 
Gastro-oesophageal refl ux symptoms 
In cross-sectional studies of 10 378 fi refi ghters, 
54% reported gastro-oesophageal refl ux symptoms 
(GERS) 1 year after 9/11, and this proportion was the 
same 4 years later.10 Furthermore, of 554 WTC rescue 
and recovery workers in the New York and New Jersey 
Clinical Consortium, 30% were reported to have GERS 
and problems in both the upper and lower respiratory 
systems. GERS was more prevalent in those who arrived 
at the WTC site within the fi rst 48 h than in those who 
arrived later.20 In the WTC Health Registry, 24% of 
8418 survivors of collapsed and damaged buildings (not 
Review
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including rescue and recovery workers) self-reported 
heartburn or indigestion 2–3 years after the event.33 
GERS are common; a population-based study of 
2200 adults in Minnesota reported that 20% of 
participants had heartburn or acid refl ux at least once a 
week.76 Previous research had documented comorbidity 
of GERS with asthma,77,78 mental health disorders,79 and 
stress80—conditions that are associated with 9/11-related 
expo sures. Other studies have reported coexisting sinus, 
lower-respiratory, and gastro-oesophageal symptoms in 
WTC responders.10,21 
Sarcoidosis 
Rates of sarcoidosis, a multisystem granulomatous 
disease of possible environmental aetiology, have been 
examined in people exposed to the WTC disaster. The 
incidence of a sarcoid-like granulomatous pulmonary 
disease in fi refi ghters increased in the fi rst year after 
9/11 compared with the average for the previous 15 years 
(86 per 100 000 vs 15 per 100 000), but returned to the 
rates before 9/11 within 4 years.15 Izbicki and co-workers15 
reported 26 cases of this sarcoid-like disorder in 
fi refi ghters during the 5 years after 9/11; many had 
asthma-like symptoms and airway hyper-reactivity not 
seen in sarcoidosis in NYC fi refi ghters before 9/11. The 
investigators noted that respiratory symptoms and 
sarcoid-like granulomatous pulmonary disease might 
be manifestations of one disease or alternatively could 
be coexisting disorders. A study of 19 756 WTC workers 
in another cohort22 showed a peak of ten confi rmed 
sarcoid-like cases 2 years after 9/11 (an estimated yearly 
incidence of 54 per 100 000)—an increase compared 
with before 9/11, although data are scarce. However, 
rates are diffi  cult to calculate because the denominator 
(the total number of responders) is uncertain.23,33 
Furthermore, sarcoidosis is often asymptomatic, and 
more cases might have been detected as a result of 
increased chest radiographic screening in health 
monitoring programmes after 9/11. 
Birth outcomes 
Proximity to the WTC site on or after 9/11 does not seem 
to have increased the risk for low birthweight (<2500 g) 
or preterm deliveries,34,81,82 although Lederman and 
colleagues82 noted a mean decrease in birthweight of 
149 g for babies born to 300 mothers living within 2 miles 
of the site. Berkowitz and co-workers81 recorded a 
signifi cant risk ratio of 1·9 of intrauterine growth 
restriction in pregnant women in lower Manhattan 
on 9/11 or in the 3 weeks after (n=187) than in women 
about 5 miles from the site (n=2367), after adjustment for 
race or ethnic origin, infant sex, maternal age, parity, and 
smoking status.81 Maternal stress and probable PTSD 
related to 9/11 might have been risk factors for adverse 
birth outcomes.34,83−85 
Two studies of women in New York City showed that 
those in their fi rst trimester on 9/11 were more likely to 
have a shorter gestational duration than were those in 
their second or third trimester, irrespective of where 
they lived.34,82 A similar eff ect was reported during 
the same period in 2000, a year before the attack, 
which suggests that season might have aff ected length 
of pregnancy.34 
Researchers who examined umbilical cord blood 
samples did not fi nd clear associations between 9/11 
exposures and birth outcomes or child neurodevelop-
mental eff ects.86−88
Comorbidity 
Two studies27,89 have described coexisting mood and 
anxiety disorders in exposed individuals. In enrollees in 
the WTC Health Registry who screened positive for 
chronic PTSD symptoms after the disaster, a third also 
reported a diagnosis of depression since 9/11.27 
Responders with probable PTSD had 13·9 times higher 
odds for probable depression and 9·2 times higher odds 
of panic disorder than those without PTSD; comorbid 
responders were 40–86 times more likely to have 
emotional disruption of function according to the 
Sheehan disability scale than were those without PTSD, 
panic disorder, or depression.16
The burden of co-occurring physical and mental illness 
in individuals directly exposed to the 9/11 attacks was 
likely to be high because of the concurrent environmental 
and psychologically traumatising exposures. Few studies 
have examined both issues, although one report from the 
WTC Health Registry27 suggested substantial comorbid 
respiratory illness and PTSD: 36% of 3800 adults who 
reported asthma diagnosed after 9/11 had probable PTSD 
in a 2006–07 survey.
Possible late-emerging disorders 
Late-emerging health disorders (such as cancers, which 
have long latency periods) and premature deaths that 
might be associated with exposure to the attacks are 
being studied. The dust and debris contained known 
carcinogens; thus clinicians and researchers will need 
to continue to monitor exposed individuals. One case 
series has been published on multiple myeloma,24 but 
no population studies on 9/11 exposure and cancer 
outcomes or mortality have been reported at the time of 
this Review.
Conclusion 
10 years after 9/11, short-term and medium-term health 
outcomes are generally consistent across studies for the 
main mental and physical health conditions. The 
prevalences of PTSD and respiratory illness, including 
irreversible loss of pulmonary function, were substantial 
and were strongly associated with direct exposure to the 
9/11 attacks in adults. The links between direct exposure 
to the attacks and several other disorders, such as 
depression, anxiety, substance use, GERS, and 
sarcoidosis, need further study. 
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Investigations into the health eff ects of the 9/11 attacks 
have unique strengths, including the presence of several 
large cohorts that have been followed up prospectively. 
For example, a unique longitudinal large-scale assess-
ment of respiratory function was possible in fi refi ghters— 
a group that was directly exposed to the dust cloud and 
debris after the attacks. Loss to follow-up will be a 
challenge for many of the large cohorts being followed, 
and eff orts to minimise this loss will be crucial to ensure 
the validity of future fi ndings.
The 9/11 attacks were unprecedented in many ways 
(eg, the demands that they placed on the community of 
investigators studying their health eff ects) and limitations 
of the available work mainly arise from the novelty of 
work done. Studies are limited by the absence of 
quantitative methods to measure exposure, challenges in 
estimation of relevant denominators (ie, the size and 
composition of populations aff ected by the disaster), 
and frequent reliance on self-report of symptoms and 
diagnosed health disorders. Most investigations started 
data collection months or years after the disaster, which 
possibly introduced error attributable to recall bias. 
Furthermore, systematic data collection for population 
studies started after 9/11 for all groups apart from New 
York City fi refi ghters, resulting in little information about 
associated factors relevant before 9/11. Pre-9/11 
occupational hazards, trauma, or psychopathology could 
have been important drivers of the pathological changes 
documented in the aftermath of the attacks.
Despite much work into the health eff ects related to 
the 9/11 attacks, several gaps remain. A few studies 
have been done for anosmia,90,91 sleep apnoea,92,93 and 
cardiac disease,94−96 but more research is needed. 
Additional investigation is needed to examine 
comorbidity, including interaction of co-occurring 
mental and physical health problems, and multiple 
mental health disorders. More studies are needed on 
associated factors for comorbid mental health 
conditions, and how this comorbidity aff ects quality of 
life, disability, and risk for increased substance use. 
Treatment of disorders related to the disaster should be 
assessed, particularly treatment eff ectiveness for both 
physical and mental health conditions, and best 
practices. Information is scarce about who accessed 
treatment services, how to reach those still in need, and 
the burden of 9/11–related illness on the local and 
national health-care systems. 
Published reports of the health eff ects of the 
9/11 attacks provide several lessons for research into 
future disasters. Accurate and replicable assessments of 
exposures are highly desirable after such events. These 
assessments are relevant to studies of both mental and 
physical health. Most epidemiological studies so far 
have relied on qualitative or semiquantitative exposure 
assignments derived almost entirely from questionnaires 
completed by the study participants themselves. Ideally, 
standardised data collection methods should be used to 
measure exposures from the onset of an environmental 
disaster, and rigorous tracking of workers’ and 
volunteers’ shifts would improve estimates of both the 
total exposed population and their extent of exposure. 
Additionally, recall bias might be minimised by rapid 
identifi cation and assessment of either the entire 
exposed group or a representative sample. This fast 
identifi cation has been possible after other disasters, 
particularly after the 1995 bombing of the Murrah 
Building in Oklahoma,97 but was infeasible in view of 
the scale of the 9/11 attacks and because of the many 
diff erent groups of investigators studying their eff ects. 
Furthermore, systematic collection of information about 
pre-existing physical and mental health conditions and 
on previous traumatic exposures would help to assess 
whether new or worsening post-disaster health eff ects 
are attributable to a specifi c event.
Research into 9/11 also provides insight into future 
disaster response eff orts. Interventions that might reduce 
physical and mental health eff ects in the short and 
medium terms after disasters are immediate outreach, 
screening, and treatment of high-risk populations with 
targeted, exposure-specifi c interventions to prevent long-
term mental health sequelae; early and consistent use of 
appropriate respirators when environmental hazards 
cannot be controlled; and disaster preparedness training 
and shift rotations to enable shorter work duration of 
rescue workers.
Finally, lessons from existing research can provide 
guidance for future studies of illness related to 9/11. 
First, in view of the challenges in the identifi cation of 
appro priate, unexposed external comparison popu-
lations for the unique cohorts studied after exposure, 
internal comparisons are often useful. Many of the 9/11 
investigations have shown dose-response relations with 
use of internal comparison groups, with increased 
exposure associated with a greater likelihood of adverse 
health eff ects. Second, as researchers investigate late-
emerging and rare disorders, consistency of fi ndings 
across studies becomes even more important in 
assessment of associations between exposures related 
to 9/11 and health outcomes, even when diff erent 
methods are used. Third, more information is needed 
to explain the pathophysiology of WTC-related illnesses. 
Fourth, validation studies such as pulmonary function 
testing and medical record reviews can help to support 
self-reported symptoms and diagnoses, and to provide 
objective measures of the progression of health 
disorders over time. The continued follow-up of exposed 
adults and children is needed to document the trajectory 
of illness, and to detect the onset of illnesses related to 
9/11 of longer latency.
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